biology and pathology, radioepidemiology, biostatistics, and radiobiology. Members shall be
invited to serve for a period of one year. Management and support services shall be provided by
the Office of the Director, National Institutes of Health.

"Meetings |

Approximat?ely eight meetings shall be held at the call of the chairperson who shall also approve
the agenda. A government official shall be present at all meetings. Meetings shall be conducted
and records of proceedings kept as required by applicable laws and Department regulations.
Meetings shall be open to the public, except as determined otherwise by the Secretary; notice of
all meetings shall be given to the public.

“Compensation

Members who are not full-time Federal employees shall be paid at the rate of $100 per day, plus
per-diem and travel expenses in accordance with Standard Government Travel Regulations.

" Annual Cost Estimate

Estimated annual cost for operating the Ad Hoc Working Group, i in ensation and
travel expenses for members but excluding staff support, is $36,% ".1: ed annual man years
of staff support required is one at an estimated annual cost of $49 13.

Report

Section 7(b) of Public Law 97-414 directs that within one year after the date of enactment of this
Act (January 4, 1983), the Secretary of Health and Human Services shall publish the
radioepidemiological tables. The Ad Hoc Working Group will complete its task as outlined in the
Function section of this document and submit these findings to the Director, National Institutes of
Health, by October 15, 1983. ‘

“Terrmnatlon Date

Unless renewed by appropriate actton prior to its expiration, the Ad Hoc Working Group to
Develop Radioepidemiological Tables will terminate on May 15, 1984. '

Approved:
§-4-83 (signed) Margaret M. Heckler *
Date j Secretary
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APPENDIX C: Bias associated with assuming statistical independence between estimates of
dose response and estimates of modifying factors.

The magnitude of the bias can be estimated, for sites computed using approach 1 (Table IV.D.1),
as follows: the inverse of the 99% upper statistical uncertainty limit (computed using lognormal
assumptions) for ERR at 1 Sv is the dose, in Sv, for which the upper 99% uncertainty limit of AS
is 50% (AS = ERR/(1+ERR) = 0.5 if ERR = 1). The corresponding ERR, also computed using
lognormal assumptions but with the approach 2 assumption of zero covariance between log(a)
and Z(e, a; vy, 0), is likely to be either higher or lower than 50%, thus indicating the direction and
magnitude of bias using the decision rule selected by the DVA, and mandated by the Energy
Employees Occupational Illness Compensation Program Act of 2000. The percentages of over- or
under-estimation of AS using approach 2, for the five approach 1 sites, are shown in Appendix
Table C.1 for exposure ages e = 18, 20, 25, and 30 (or over) and ages a = 25, 30, 35, 40,
45, and 50 (or over), where a > e + 7. '

Approaches 1 and 2 always give the same result for e > 30 >50, where ERR is assumed not
to depend upon y and §; otherwise, Appendix Table C.1 Syghests that approach 2 usually
overestimates the 99% upper limit for AS when that limit is near 50%, and apparently never
underestimates it for stomach cancer among females. The non-trivial exceptions occur for liver
cancer, female breast cancer, and digestive cancer among males when e > 30; they are
underestimation by 0.7% t01% (i.e., estimating the 99% upper limit for AS to be as low as 49.5%
when it should be 50%) for a around 45, and underestimation by 1.3% to 2% (estimating the limit
to be as low as 49% when it should be 50%) for a around 40. The correlation between log(a) and
§ is -0.8 or lower for the three sites with non-trivial underestimation of the 99% upper limit for
AS when calculated assuming zero covariance between log{e) and 4(e, a; vy, 8), and -.01 or higher
for the other two. According to Appendix Figure C.1, only for male colon and male urinary
cancer, among sites for which approach 2 was used, is the correlation between log(e) and 8 lower
than -0.4. This suggests that downward bias of the 99% upper limit for AS by as much as 1% is a
potential problem only for these two cancers, and then only for e > 30 and a around 40.
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APPENDIX D: Computational Details

Uncertainty due to sampling variation

As described in Section IV, uncertainty due to statistical variation was approximated by fitted
lognormal dﬁsMbutions for 5 site-sex combinations in Table IV.D.1 and for thyroid cancer, For
other cancers it was calculated by 11ke11hood profile distributions for the dose-response parameter,
either mterpolated among different values of exposure age, attained age, and/or time following
exposure, or in combination with fitted lognormal uncertainty distributions for age-related
modifiers of dose response. These uncertainty models were based on analyses of A-bomb survivor
cancer incidence data, and were obtained for the ERR ¢, associated with each type of cancer.

For use in IREP the likelihood profile distributions were specified in cumulative form by
quantlles (0. 25%, 0.50%, 1.25%, 2,50%, 5.00%, 12.50%, 15.85%, 50% (approximated by the
maximum 11ke11h00d estimate), 84. 15%, 87.50%, 95.00%, 97.50%, 98.75%, 99.50%, and
99.75%). Intermediate values wers calculated by cubic spline interpolation (Press et al., 1996).
For all cancer types other than leukemia, 400 interpolated points wege 48 o define the
likelihood functions. For leukemia, the ERR, 5, depends on bofl¢Beaiahaxposure and time since
exposure (see below). Therefore, only one hundred interpola @ Points were used, in order to

reduce the s*ze of the electronic files.

To obtain tﬂe ERR, ., for any age at exposure, age at diagnosis, and/or any time since exposure,
linear interpolation in the logarithmic scale was performed between the tabulated ERR, g, values.
The ERR, 4, for levkemia depends on both the age-at-exposure and time-since-exposure. In this
case a bilinear two-dimensional interpolation was performed (Press et al. 1996). From the
numerical point of view, the cubic spline interpolation between percentiles was performed first.
Then, the log-linear interpolation between ages-at-exposure or tlmes-smce-eXposure was
performed for each derived percentlle of the likelihood function.

Phasing in the latency period

The analyses described in Section IV-C were based on a model in which the risk was assumed to
be very low (or zero) for a specified minimal latency period after exposure. To avoid an abrupt
jump in the ERR, we used a set of scaling factors to estimate the ERR, ¢, for the years between the
end of the la;tency period and the age at which maximum risk occurs. -
For leukemia (all types), the latency period is considered to end 2 years after exposure, although
the Life Span Study data cover only the period 5 years and more after exposure, Accordingly, we
phased in the fitted ERR, allowing full expression 5 years after exposure. For 2, 3, and 4 years
after exposure, the ERR, , is estimated as 0.25, 0.5, and 0.75, respectively, times the fitted value
for ERR, , at 5 years after exposure.
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The minimum latency period for thyroid cancer was assumed to be about 5 years, and there was
no statistically significant evidence of a trend in ERR g, with time following exposure. For a
smooth transition, reduced values of ERR, ;, were computed for years 3, 4, 5, 6, and 7 years after
exposure by multiplying the fitted ERR, ;,, specific to each age at exposure, by 0.1, 0.25, 0.5, 0.75,
and 0.9, respectively. The risk of thyroid cancer in the first three years (i.e., 0, 1, and 2) after
exposure is considered to be zero.

For all other cancers, an S-shaped function similar to the one used to describe the DDREF (see the
following section) was used to insure a smooth transition in ERR, ;. The mid-point of the S-
shaped function (i.e., the time since exposure at which the ERR g, is half of the maximum ERR, ;)
is 7.5 years. Given the lack of precise knowledge about the on-get of different cancers, the mid-
point was allowed to vary around the central value of 7.5 y r exposure. Thus, the
uncertainty in the mid-point was described as a triangulge digbeibution with a minimum of 5, a
mode of 7.5 and a maximum of 10 years after the exg " An S-shaped curve using this
uncertain mid point produces a negligible ERR, , fortines after exposure less than 3 years and
reaches the maximum ERR, g, at 14 years afier exposure.

The dose and dose-rate effectiveness factor (DDREF)

As discussed in I'V.F, for an acute exposure, the value DDREF,, . = 1 is used for doses larger
than a randomly generated reference dose D;, above which the dose response is assumed to be
linear. As the dose approaches zero, DDREF, .. approaches the values prescribed for chronic
exposure, DDREF .. The mathematical formulation for the transition from DDREF, =1 at
D =D, to DDREF,

acite
e = DDREF ... at D = 0, as graphed in IV.F.2, is as follows:

( 1 if Dose > D,
DDRE. =
e =Y | 1 =+ if Dose < D,
P B
DDREF, chronie
1- {Dose-1)
1+e ¢
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The parame:iers Tand § are, respectively, the inflection point (I = 0.5xD,) and the “shape”
parameter (§ = I/In(500)); the smaller the values for S, the steeper the increase of the logistic
function 1 + exp((Dose - )/S).

Note that, as the dose approaches zero, the DDREF, ,,, approaches the pr c DREF ;,0ice
The value of the “shape” parameter was chosen to obtain the leaststcer? 1&3&6 of the logistic
function that still reproduces the DDREF ;. for a zero dose'.

! This relationship ensures that the DDREF for a dose equal to D, is larger than 0.99.
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Appendix E. Comparison of results from IREP with results from the 1985 NIH report and
CIRRPC.

As noted in Section VI, the DVA has based its claims procedure on screening doses that were
developed by CIRRPC (1988). These doses were based on the upper 99% credibility limits of
the uncertainty distributions for the estimated PCs. Although the development of the screening
doses was based on the 1985 NIH repoit, CIRRPC (1988) modified the PCs (to account for bias)
and expanded the uncertainty assessment given in the original NIH report. As noted in Section
VI, persons who pass the VA screening procedure usually receive an award even though CIRRPC
notes that

Passing the screening criteria should not be equated with having established causality. A
claim based on an exposure to radiation that just passes the screening criteria has only a
very remote chance of resulting in a meritorious finding after further development of
causality.

In this appendix, we compare the median ERRs from IRE the ERRs from the 1985 NIH
report, and also with the ERRs that formed the basis of the GIRRPC recommendations. We also
compare the CIRRPC screening doses with those tha d be obtained using the upper 99%

credibility limit based on models developed in this r

We note that CIRRPC made use of the uncertainty evaluation from the 1985 NIH publication, but
modified it by adding an evaluation of statistical uncertainty, increasing the age at exposure
uncertainty, and adding a positive probability of a linear dose-response in the uncertainty
evaluation for the DDREF. We note particularly that the change in the DDREF uncertainty
evaluation shifted the ERR distributions upward by a factor of about 1.5 for cancers other than
breast and thyroid cancer, which were based on linear dose-response models with no uncertainty
assumed for the DDREF. In addition, the 1985 NIH report estimated that ERRs based on
Japanese atomic bomb survivors were too low by a factor of 1.62 because dosimetry revisions that
eventually led to the DS86 dosimetry system had not yet been incorporated. For this reason,
CIRRPC increased those ERRs that were based on atomic bomb survivor data by a factor of 1,62,

For the purpose of providing doses for screening claims, CIRRPC made the additional assumption
that the claimant had a baseline risk at the 10" percentile of the distribution of the baseline risks
for the cancer of interest among all counties of the United States, and the further assumption that
the ERR was inversely proportional to the baseline risk For most cancers, these two assumptions
led to increasing the ERRs (and decreasing the screening doses) by a factor of 2 or more. For
lung cancer, the CIRRPC screening doses for those with unknown smoking status were based on
non-smokers, whereas screening doses for those who were thought to be smokers were based on
those with unknown smoking status. For leukemia, CIRRPC screening doses for cases occurring
less than 20 years after exposure were based on the assumption that the levkemia occurred at the
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time yielding the maximum PC or ERR; for cases occurring 20 or more years after exposure,
CIRRPC soreening doses were based on the assumption that leukemia occurred 15 years after
exposure,

Appendix Tables E.1, E.2, E.3 and'E.4 are addressed at helping readers compare results based on
the model described in this report (and implemented with IREP) with results based on the eatlier
NIH report and on CIRRPC recommendations. For each of the cancers evaluated by CIRRPC, the
first three tables show ERRs for a male exposed to a chronic dose of .01 Sv at age 20 (Appendix
Table B.1), age 30 (Appendix Table E.2), or age 40 (Appendix Table E.3) and developing cancer
at age 50 or older, Additional scenarios are shown for leukemia. Shown in the tables are the
original ERRs from NIH (1985) (column 2), modification factors used by CIRRPC (column 3),
the ERRs aﬂer adjustment for these factors (column 4 in bold), and the medians of the ERR
distribution generated by IREP (column 7 in bold). These three tables al show the deliberately
biased CIRRPC ERRs based on the assumption of a low basehne

%ﬁﬁm 7) and the CIRRPC

Several factors contribute to differences in the ERRs from K ,’-‘
ERRs shown in column 4 (bold). The reader should consul®Section V.C for a complete
discussion of these differences. Most important, the IREP ERRs were based on cancer incidence
data for the A-bomb survivors for the period 1958-87, whereas most of the NIH (1985) ERRs
were based on mortality data from 1950 through 1974 or 1978. The data used by IREP include
about 8600 cancers, more than twice the number evaluated earlier. For thyroid cancer, the data
used by IREP were also much more extensive than those considered by NIH (1985).

The ERRs from NIH (1985) were based on age-specific absolute risk estimates, and many of these
may have been statistically quite unstable, especially those for less common cancers. For most
cancers, the effects of age at exposure are much stronger for NIH (1985) than IREP, and for this
reason, resul;ts tend to be more comparable for older exposure ages. The NIH (1985) age at
exposure effects were obtained by evaluating ratios of age-specific absolute risk estimates and
age-specific baseline risks with each cancer site treated separately, whereas IREP age at exposure
effects were obtained by estimating a single parameter based on all solid cancers, The longer
follow-up period available for developing IREP is particulatly important for evaluating the
modifying effects of age at exposure, and is especially important for evaluating risks for those
who were young at the time of exposure. The longer follow-up period is also important for
evaluating the effects of attained age, and another reason for differences in NIH and IREP ERRs
is that the latter allowed for attenuation with attained age.

Still another reason for differences is that NIH (1985) was based entirely on additive transfer
between populations, whereas IREP uses an uncertain mixture of additive and multiplicative
transfer, with the additive proportion uniformly weighted over the interval 0 to 1. This is
especially important for cancers of the esophagus, stomach, and liver, where baseline risks are
much higher in Japan than in the US population. NIH (1985) also used a strictly additive model
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to account for the interaction of smoking and radiation in evaluating lung cancer risks, whereas
IREP is based on a model that is intermediate between additive and multiplicative. The IREP
approach decreases ERRs for smokers but increases ERRs for non-smokers as compared with the
NIH (1985) approach.

Appendix Table E.4 shows the 99% screening doses from CIRRPC Table 3 for persons exposed
at ages 20, 30 and 40. As noted in Section V1, the DVA has ysed these doses as a basis for
awarding claims, Also shown (in parentheses) are the 99% %ning doses that would have been
obtained without the upward adjustment based on the as tion that claimants had a low
baseline risk; these doses may be more appropriate fosiparing with results obtained from
IREP. The table also shows the doses that would yif upper 99% confidence limit for the PC
of 50% based on IREP. Unlike the results in Appendix Tables E.1, E.2, and E.3, the results in
Appendix Table E.4 depend on the uncertainties in the estimated ERRs as well as the level of the
ERR. The uncertainty evaluation used for IREP is considerable more comprehensive and
rigorous than that used by CIRRPC. It should perhaps be noted that, for chronic exposure, the
IREP screening doses are based on a linear model, whereas the screening doses from CIRRPC
are based on a linear-quadratic model; in cases where the screening doses are large (small ERR),
this leads to smaller CIRRPC screening doses than would have been obtained with a linear model.
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APPENDIX F: Interactive RadiQEpidenﬁological Program (IREP)

The Interactive RadioEpidemiological Program (IREP) is a web-based application that estimates
the probablhty of causation (PC) as represented by the assigned share (AS) for an individual with
a diagnosed disease who was exposed in the past to radiation. Throughout this text and online,
the terms probability of causation and assigned share are used synonymously.

This program can be accessed online at the following address:

http://z16.82.51.38/irep_nih

The initial screen of the IREP user interface is shown in Figure 1. IREP has been designed to
accept inputs manually or through the use of an electronic input file. To initiate a calculation, the
user is instructed to click on the appropriate button.
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sancor information § ciinical ieis £ slatistios | rosearch programs | research fundi

interactive RadloEpldemiological Program
NIH-IREP v.5.2

For Egtimating Frobabiity of Cancer Causation fos Expeswres to Radiation

To bagin by manuafly enisting required inputs =

To begin by using an input file

* The Natlonal Institites of Haalth's (NIH) Intersctive RadioEpiderniotogical Program (REP) has boon devaloped by
the Natinnal Cancer Instituts to update the NiH Radivepidemintagical Tables of 1985, NIHIREP v5.2 incorporates
modifications reaulting from revievs of previaus varsione of this cade.

Davetopad undat sontiad with HCE by Wills nodeilng suppotirom:

Figure 1. Initial screen of the IREP user interface
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For a manual calculation using IREP, the user is requested to supply personal information (e.g.
birth year, year of diagnosis, gender) and information about exposure (e.g. exposure year, organ
equivalent dose, radiation type, duration of exposure). The main input screen is shown in Figure
2.

Interactive RadioEpldemiologlcal Program
NIHAREP v.5,2

Personal Information Exposure Information

Probability of Causation

Figure 2. Main IREP input screen
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After entering or uploading all requested input information, the probability of causation (assigned
share) is estimated by a single mouse click on the button labeled "Generate Results" on the main
input screen (Figure 2). The entered data will be submitted to a host computer where the
underlying IREP code resides and » number of Monte Carlo iterations (using median Latin
Hypercube sampling) will be performed. By default, the simulation sample size (#) is set to 1,000
iterations. The user can alter the number of Monte Carlo iterations and the initial random number
seed by clicking the "Advanced Features" button located on the main input screen. The
"Advanced Features" screen is shown in Figure 3.

Interactive RadloEpidemiological Program

NIHIREP v.5.2
HEntar Advancad Foaturss fnformation
ts page aliows the user to control two sampling parametars, sawple size and the random sead for sampling,
H{This page aleo allows tha user to ovenide dafault aattings for the User Definad Uncedalnty Distribution.

Shmulatlen Sample Size: hﬁggwm i Random Seed:

' Uatined Uncertalnty Distdbttion
& Uger Dafined Uncertainty Distribution tan ba sdjusted to account for the présence
atiditional oncertainty and bias corection ot prasently ineluded in IREP.

@ defaylt setting, & Ingnormal distribution (GM=1, GSD=1}, hus no effect or the calculation,
anging the dufsull settings should only be done after sufficient justificstion accampaniod by a wriltan rationals.

Blatributlon
parameters
sty Type

|Lognomelimediangsdav
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Figure 3. Advanced Features screen

A prmtable summary report (Flgure 4) will be displayed by IREP. The rep fictudes all input
information required to estimate probability of causation.

To gain access to additional results, the user is instructed to click the "Intermediate Results"
button at the bottom of the main IREP input screen. The intermediate results provided by IREP
include: absorbed dose (cGy), the radlatlon effectiveness factor (REF) used in the calculation, the
excess relative risk, and a series of importance analyses results showing the parameters that
contribute most to the overall uncertainty in the estimate of probability of causation/assigned
share.

For more information about the IREP computer code and its underlying assumptions and
equations, click "View Model Detaﬂs" in the bar across the bottom of the main input screen (as
seen in Figure 2).
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Interactive RadioEpidemiological Program
Summary Report

Nare:  John Q. Doe Date of Run;  QBAA002
Referancs ID& 123450 Timg of Bune 35201 PM
IREP vorgion: 5.2

Information Used In Probability of Causation Caleutation:

Gender.  fala Rane (skin cancer only).  NiA
Birth Year, 183) Year of Disgnosis; 1981
Cancer Motet  Oial Cavity and Pharvoy (140-149)

ranchus, of lung cancer anly):  NIA

Sraoking history (rachea, b

IREP Agsumptions and Saltings:

User Defined Uncentainty Diskribution!  Lognemmalft.1)
Number of feratiens: 10080 Randony Number Seed:. 38

Feneral Exposure Information:
wéfg;;nowﬂ@% W Exposura Rate || Radiation Type

) elactrons
1 1971 LoghermalZ,2) chronic Ex18keY

Radon Exposure Information:

NJA (applios only fo cases of Luny Cancer with Radon Exposures)

PROBABILITY OF CAUSATION RESULTS:

Percontite & Probabliity of Cousation
1st 0.00 %
5th 004 %
&lth 240 %

21 %

405 %
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Figure 4. An example of the summary report produced by IREP

To utilize tlﬁe input file option, a pfe-formatted electronic file is requn‘e% i
electronic input file can be downloaded from the Internet by selecti put file option on the
initial screen of the IREP user interface. The "Upload Saved File" scfeen will appear (Figure 5);
click "Download Template,"

Once the standardlzed input file is downloaded, Microsoft Excel can be used to enter the personal
and exposure information in the ﬁle After saving the modified input file (with any desired file
name), the input file can be uploaded into IREP by clicking the "Browse" button,
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Interactive RadioEpidemiological Program
NIH-IREP v.5.2

Upload Saved Fils

EREP kas haen designed to accept 3 preforthatted input file, When uploaded inte IRER, the input e will populate afl input

Jecmans and st all system vadables.

|- Click the “Browse” bulton to locate the faput file on your computar.
- Altar the path to the file iz shown on this screen, ofick “Uplead File” te complate the process.
Hiate: The filo must be of the proper template format fo bs yisable.]

If you would like & template varston of the Excef input fife {illed with defoult values), click betow,

Figure 5. Upload Saved File screen
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FIGURES

EPA (1999)
NCRP (1997
wmceee  (3rogan et al. {2000)

Relative Probabality (Vo)

L > 3 4 5 6 7
0

2

Figure IV.F.1. Probability distribution functions used by different authors to describe subjective
uncertainty in the DDREF,
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Figure IV.F.;S. Variation of DDREFWB as a function of radiation dose for selected values of
DDREF,,,... for a fixed value of D;. the lowest dose at which linearity of dose response is

assumed to apply.
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probabifity distribution function
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|
I
iy 1 i | | 3 | i 1

01 02 03 04 05 05 07 08 09 1 11
Linear combination coefficlent "f"

Figure IV.G.1 Probability density function assigned to the coefficient y for linear combination of
the multlphcatwe (y=0) and additive (3==1) models for transfer of excess relatlve risk from one
populatlon to another, for most types of cancer.
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Figure IV.G.2 Cumulative distribution functions for the coefficient y used for computing a

weighted average of the additive and multiplicative models for transfer between populations:
transfer model = y x multiplicative model + (1-y) x additive model.

Note that the transfer model for breast cancer places 50% probability on the model in Figure

IV.F.1 and 50% on y=0, whereas for stomach cancer 33% is placed on y=1 and the remainder on

the model in Figure IV.G.1. The multiplicative transfer model is used for thyroid cancer.
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Appé;ndix Figure C.1. Range of bias of 99% upper limitfor AS, by correlation
of dose and age effects. Bias ranges, given for approach 1 sites (large squares),
represent value of upper limit (in %) using approach 2 when approach 1 limit is 50% ﬁ§
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TABLES

Table I1.C.1. Cancer sites covered by the 1985 tables report.

Site/cancer Source of coefficients Comments

Leukemia BEIR IIT Absolute risk coefficient for total leukemia
multiplied by 0.68 for AL, 0.32 for CGL

Bone and joint | BEIR III Injected 224-Ra only

Salivary gland | Survey of published results | Exposure ages 0-14 only
(Land, 1984)

Esophagus BEIR III

Stomach BEIR III

Colon BEIR IIT Exposure ages 20+ only

Liver BEIR III Exposure ages 20+ only

Pancreas BEIR 111 Exposure ages 20+ only
| Lung Low-LET radiation: Kato | Exposure ages 10+ only

& Schull, 1982; high-LET
radiation, Jacobi et al, 1987

Breast Tokunaga et al, 1987 Linear dose response assumed; no effect of
fractionation or protraction of dose

Kidney & BEIR III Exposure ages 20+ only

bladder

Thyroid gland { LSS incidence study Linear dose response assumed; no effect of
(Parker et al, 1973) fractionation or protraction of dose
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